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Our Business

e Develop Technology to Enablethe
Competitive Production of Ethanol from
Lignocellulosic Biomass

* How dowedo that?

— Sponsor Resear ch on the M ost Promising
new Technologies
» Both at NREL and at Universitiesand Industries

* Which Projects should be Funded?

— Useamodified “ Stage-Gate” M ethodology
to Select

How Do You Deter mine What
Resear ch Projectsto Fund?

Stage 2 isa Preliminary Investigation (1 man-month
max)
Stage 3 1sWhere NREL Funds Resear ch
To Pass Gate 2 The Project Must M est:
— Subjective Information
« Fit in the Strategy of the Base Process
+ BeFeasible
+ Reasonable Goals and Show-Stoppers
+ Reasonable Time Frame and Resour ce Requirements
— ObjectiveInformation
+ BeEconomically Attractive as Compared to the Base-Case

NREL

National Renewable Energy L aboratory

Operated under the Direction of the US
Department of Energy

Multiple Programsin Renewable Energy
Area

Specific Area of Interest, Biofuels

— Production of Fuelsfrom Lignocellulosic
Biomass

— Specifically using Biological Processes

Stage Gate Methodology

Concept Development

Qualification of Opportunity
Confirm Feasibility

Development

Commercial Launch

Rapid Economic Evaluation
Allows M anagement to:

» Have Some Objective Information to
Make Go/No Go Decisions

* Prioritize Seemingly Go Projects Based
on Economic I mpact




Types of Process Economics
Performed for NREL Biofuels

* Absolute Cost of Biomassto Ethanol
Conversion
— Useful for Market Penetration Studies
— Required for Site Specific Project Feasibility Studies
Incremental Cost I mprovements of
Resear ch Proposals

— Use as Objective Information in Stage Gate
Screening

— More Accurate than Absolute Costs

Base ASPEN Plus M odel

147 Unit Operations

59 Components

217 Material Streams

211 Heat and Work Streams

60 Control Blocks (Design-Spec &
Fortran)

NREL’s Approach to Process Design and

Economic Modeling
Engineering Co. Consulting
Process Flow
Diagrams

Rigorous Material &
Energy Balance
ASPEN +

Capital & Project
Cost Estimation

Discounted Cash Flow
Economic Model

Cost of Ethanol
Production

Rigorously Develop a Base-Case

Feed - Woodchipsor Agricultural Waste
— 2000 dry Tons/day

Production - Fuel Grade Ethanol

— 70MM + gallons/ year

9 Process Areas

— 23 PFD

— 181 Costed Unit Operations

Research Ideas M odeled as Process Alternatives

NREL's Approach to Process Design and
Economic Modeling

Process Flow
Diagrams

Rigorous Material &
Energy Balance
ASPEN +

Capital & Project
Cost Estimation

Discounted Cash Flow
Economic Model
Cost of Ethanol

Production

Why Use a Process Simulator?
(ASPEN Plus)

Rigorous Thermodynamic Models Built In
Rigorous Unit Operation and Recycle Convergence Built-In

Easy Trandation of Complex Processes with Solids into
Included Unit Operation Blocks

Easily Customizable when Necessary

Self Documenting

Easily Understandable, Widely Used in the Industry
Commercially Supported




Wastewater Treatment
Options for the
Biomass-To-Ethanol
Process

e - NREL
Aspen Plus Process

TASK ORDER 1 REPORT
KCO-8-18004-01
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Outside Meetings and Contacts

NREL’s Approach to Process Design and
Economic Modeling

Process Flow
Diagrams

Rigorous Material &
Energy Balance
ASPEN +

Capital & Project

Cost Estimation

Discounted Cash Flow
Economic Model

Cost of Ethanol
Production

Important Ancillary Information
in Cost Database
* Scaling Exponent
* Scaling Item from Aspen
— Identification of Item
* Flow
* Size
— Base Vaue
— Units

Approach to Detailed
Process Modeling

Use Detailed M odeling to Support and
Interpret Experimental Work

— Fortran, MatL ab, Aspen/Plus, Aspen/SP, Scientist,
Excel, Others

Translate Experimental Work and Detailed
Modeling into “ Simpler” Forms

Usea L ess Detailed ASPEN Model to Describe
the Entire I ntegrated Process

Base Cost Database Devel opment

NREL Engineers Using /
ASPEN, Spreadsheets, { |CARUS
Other Methods ’

& Corporation

Aspen Model
Scenario or
Sensitivity
Information

Aspen Plus
Simulation

Size & Flow Info Flow Info

Discounted Cash

Base Equipment Equipment List Flow Analysis
List Cost Scaling CpetEtnylcess Cost of EtOH |
or ROI H

Capital Costs

Base Case
Equipment
Database

Complete Economic Analysis Model



Do Not Redesign and Cost Each

Alternative
e Scaling of Aspen Information in to Costs
— Base Information from Access Database
* Base Cost
» Base Variable
* Base“Size”
— Use Excel Spreadsheet to Scale Costs
— Use Information from Aspen on New “Size”
* Flow
 Calculated Size, e.g., Column Diameter
 Heat Duty, e.g, No DT Changes
 Calculated Area, e.g., HX from Fortran

Extract Information from M S Access Database
Where PFD Like‘PFD-P100*’

INUM  |REQUIRED
OCIATED PFD ARE |VAR
PFD-P100-A302 | A-300 -n

Equipment Cost Scaling in Excel

culated Value

User Entered Specification

Extract Information from ASPEN
Plus

Consolidate in Sensitivity Block
Extract to Excel Look-up Table
— From GUI Use Paste-Link

— From Input File Mode Use VB-Summary File
Tool Kit

ASPEN Plus Simulation Information Transferred to Excel
Variable Name
Calculated in

Variable Names - Unit Operation
arein Alphabetical -

Order for Excel -

“Look-up” Table

Variable

CAL/SEC
Heat Stream

CALISEC Duty

KG/HR \VECE]
Stream Flow

KG/HR

RCIIR Work Stream

Power

Aspen Model

Scenario or Aspen Plus
Sensitivity Simulation
Information

ize & Flow Info Flow Info

Discounted Cash [
Flow Analysis
Cost of EtOH

or ROI

Base Equipment] Equipment List

List Cost Scaling Operating Cost

Query Base Eq. Cost

Base Case
Equipment
Database

Complete Economic Analysis Model




Bioethanol Production via Dilute Acid Pretreatment & SSCF

Pretreatment drolyzate Saccharification
Feed &

Handling Conditioning Fermentation

Enzyme o Product

Waste Water
Production Recovery

Treatment

Ethanol

Utilties EREIEC) Storage
urbogenerata

Total Numbers of Sensitivities
For 1 Base Process

Pretreatment 9
Detoxification 14
Fermentation 30
Enzyme Production 14
Waste Treatment 4
Utilities 2
Economics 2
Total

Total Number of Assessments

3 base Processes
 High and Low for Each Sensitivity
» Over 400 Sensitivities

Evaluation of Research |deas

Understand Research |dea
— Scientist Explains |dea to Engineer

Anticipate Expected Range of Research
Results

Transform Idea and Expected Results into
M odifications to Process Model

Add New Equipment Estimates

Determine Cost Differential due to
Modification

Example Process Alternatives

Process Parameter

_
Reactor Material of Construction
S T

n |Enzyme Productivity

Enzyme Production |Sterilization

Incremental Economic Impact of Research Alternatives

Xylan to Xylose Conversion
Solids Conc. In Reactor Feed
Reactor Material of Const.

Acetic Acid Removal

Sugar Recovery in IX

Enzyme Loading

Enzyme Productivity

Enzyme Reactor Sterilization

1

-$0.40 -$0.20 $0.0 20
Incremental cost of Ethanol per Gallon




Result

Develop Base-case in Detail

— Documents Sensitivities, Eliminates Repeated Work
Scale Process Options off Base-case
Detailed Economics

Parameter and Configuration Changes to
Aspen

Minor Equipment Cost Modifications for
Individual Alternatives

— Only if new process s significantly different than Base

Cost Impact of Each Alternative




